The Rigo classification is presently the only classification developed specifically for brace design, as opposed to other forms that adapted a classification that was developed initially for surgical decision-making. This classification is used in conjunction with the design of the Rigo System Chêneau brace (RSC brace), a derivative of the Chêneau brace [8, 9, 10] . The specific design of the brace depends on the curve pattern observed in the frontal plane, however the transverse and sagittal plane deformities are taken into consideration as well; therefore, the brace design is modified accordingly. Clinical and radiological criteria are evaluated to determine the curve pattern [8, 9, 10] . These curve patterns along with their criteria are illustrated in figure 2.4 and figure 2.5. 
CHAPTER 3. METHODS

DESIGN
The experimental hypothesis predicted that those subjects who are treated with the RSC brace would report a significant primary correction of the major, minor, thoracic and lumbar Cobb angles for both the main and SOSORT restrictive criteria (RC) groups [12, 13] .
SUBJECTS
The main group consisted of 147 subjects with double curves ranging from 7 degrees to 65 degrees for the major Cobb angles and 1 degree to 60 degrees for the minor Cobb angles.
There were 17 male and 130 female subjects, ages from 5 to 15. The 147 subjects were diagnosed with progressive idiopathic scoliosis and were treated by using a RSC brace which involved a medical team collaboration between MR in Spain, Ortholutions in Germany, and the exclusive RSC brace treatment center.
The SOSORT (RC) group included only 25 subjects that were selected from the main147 subjects after the selective criteria outlined by SOSORT was applied. The criteria limited subjects to only those who were female, were at least 10 years old, presented clinical signs of puberty, had Cobb angles from a minimum 25 degrees to maximum 35 degrees with Risser sign of 0 [12] .
PROCEDURE
Each subject had radiographs taken before brace treatment and with the RSC scoliosis brace at the six to eight week follow-up appointment. The radiographs taken six to eight weeks following treatment were taken with the subject wearing the RSC brace (i.e. "in-brace" radiographs). The Cobb angles were measured from these radiographs for comparison to obtain the primary correction results.
The Cobb angles for the thoracic and lumbar curves were noted before brace treatment and at the first in-brace X-ray. Also, the data was analyzed to compare major and minor curves, depending on which curve was larger and more structural. Mean Cobb angle values and standard deviations were determined among the subjects for both the main group and the SOSORT (RC) group.
From these results, the primary corrections were determined. A sample t-test was performed to determine the statistical significance of the results. The data was analyzed for both the main group of 147 subjects as well as the reduced SOSORT criteria group of 25 subjects.
RSC Scoliosis Brace Treatment
The RSC® (Rigo System Chêneau) Management System is a patented method for producing computer standardized custom molded scoliosis braces for patients with scoliosis since 2001.
This brace system is based off hand-made molds from Manual Rigo (MR) dating back from the early 1990s to present.
Treatment using a RSC brace involves a medical team collaboration between MR in Spain,
Ortholutions in Germany, and the exclusive RSC brace treatment center.
Dynamic measurements which are taken with the patient in a corrected, extended posture.
Also, static measurements taken to establish an exact CAD/CAM reproduction of an original Rigo brace [14] .
The individual curve pattern and brace design for each patient is personally selected by MR, concept, which was developed by MR and is based on the teaching of Katharina Schroth and Christa Lehnert-Schroth. This method also includes modifications from a French school [16] .
Measurements and Clinical photos
At least four clinical photos (4 clinical views) are required for the clinical documentation of each patient during the measurement process, fitting, and follow-up visits. This is facilitated by utilising the Otto Bock LASAR posture apparatus to identify the pelvic, trunk and shoulder alignments.
Brace Design
The RSC braces for the subjects in this study were based on the original brace principles outlined in the RSC brace section of chapter 2. However, each subject in this study was assessed and evaluated individually, hence, the brace design was based on the individual characteristics of the subjects' scoliosis.
As an example of the thought process in how the brace is designed, subject 1 in the brace the coronal plane, producing the so-called mirror effect (Figure 3.1c ).
The patient is overcorrected to the left by the brace and the vertebral column is straightened also, the ventral left rib hump is reduced.
In order to open the collapsed thoracic concave side and to establish the three dimensional correctional mechanism, the shoulder of the thoracic concave side in type A2 curvatures (triple curvature) needs to be raised by the brace construction. The main thoracic curvature is corrected in the brace to a Cobb angle of 24°.
The X-ray of the position in the brace shows that the ribs on the concave thoracic side are distinctly more "opened" than beforehand, and the CSL shows that the overhang to the right has been eliminated through the brace ( figure 3.1d ).
a. b. c. d. Figure 3 .1b Pre-brace X-ray of 49 degrees Cobb angle. Figure 3 .1c In-brace photo of patient wearing an A2 module RSC brace at 5 week follow-up. Figure 3 .1d In-brace X-ray presents with 24 degrees Cobb angle at the 5 week follow-up.
Subject 1 presents at the 8 month follow-up with improved symmetry of the trunk and as a result, the collapse of the thoracic concave side is significantly reduced and the shoulder position is balanced ( figure 3. 2a) . The out-of-brace X-ray shows a Cobb angle of 35° ( figure 3.2b) , which has improved and corrected the position of the ribs in the concave area of the thoracic curvature.
Also, it was noted that the curve pattern has change from A2 type to C1 type curve pattern.
Thus the brace design was also changed from an A2 module RSC brace to a C1 module RSC brace. As a result of this curve pattern change, the correctional principles do not require displacement of the pelvis; instead a central stabilisation can be seen. In comparison with the preceding A2 brace module, the left shoulder is not raised as much. This is because the collapsed thoracic concave side has improved and opened the right thoracic curve. As seen in figure 3c , the left axillary pad has again been raised somewhat in order to deflect the thoracic curvature even more. It can be seen clearly that the brace, through the three-point presented with favourable results, it could be predicted that the RSC brace prevents curve progression at the end of treatment. The main group of subjects were older, higher Risser signs, larger initial curves which were more structural and difficult to correct compared with the SOSORT group.
The rationale of presenting the two groups of subjects was to show that even though the main group of subjects were clinically and radiological more difficult to treat, they still had significant primary corrections. The SOSORT group of patients had the most significant primary corrections of 61.10% and 52.30% for the major and minor curves which was related to the strict restrictive criteria that limited and controlled the subject types.
Conventionally, excellent scoliosis correction was considered when the vertebral column in the coronal plane, had a 50% correction and was as close as possible to vertical. However, often significant in-brace primary correction of the Cobb has been achieved at the cost of having negative effects to the sagittal plane by increasing the thoracic hypokyphosis, also known as flatback and without regard for the rotational correction. The three-dimensional deformity of scoliosis needs to be evaluated and treated in all three anatomical planes. When more influence is put on the sagittal plane and rotational correction, the coronal plane deformity, however, does not become less important, as the coronal radiograph is still considered as standard good correction [7] . However, it would be disadvantageous to flatten out and straighten the spine in all planes (sandwich effect) simply to achieve maximum coronal plane correction. As radiologically, good correction of only the coronal plane has often been the medical team's primary focus, oftentimes, this places a negative influence on the other planes, resulting in deformities such as flatback and poor clinical presentation of pelvis, trunk and shoulders.
Conclusion
The present experiment focused on X-ray measurements of idiopathic scoliosis subjects before treatment and the primary correction with the RSC brace. The results are based on a sample size of 147 subjects in the main group and 25 subjects in the SOSORT (RC) group.
As a result, the RSC brace system had significant primary corrections in both the main and SOSORT groups. Therefore, since the initial in-brace X-rays presented with favourable results, it is predicted that the RSC brace prevents curve progression at the end of treatment.
Further investigation is then warranted to analyse the RSC brace with matched samples to determine if the brace corrections are the same in different teams using this system, as this study has been conducted from a matched series from teams in Barcelona and Germany.
Furthermore, a long term follow-up of results would be ideal to determined the results at the end of treatment, rather than just at the first follow-up appointment 6-8 weeks into treatment.
Our thanks go to Ru Chen for the revision and formatting of this RSC brace study.
